Context: Obesity and its associated morbidities pose a major health hazard to the public. Despite a multiplex of available diet and exercise programs for losing and maintaining weight, over the past years, interest in the use of complementary and alternative medicine (CAM) for obesity treatment has greatly increased. Evidence Acquisition: We searched PubMed, Google scholar and the Cochrane databases for systemic reviews, review articles, metaanalysis and randomized clinical trials up to December 2013. Results: In this review, the efficacy and safety of the more commonly used CAM methods for the treatment of obesity, namely herbal supplements, acupuncture, and non-invasive body-contouring, are briefly discussed. The evidence supporting the effectiveness and safety of these methods is either lacking or point to a negligible clinical benefit, barely surpassing that of the placebo. Furthermore, several limitations are observed in the available scientific literature. These shortcomings include, without being limited to, uncontrolled trial designs, non-random allocation of subjects to treatment arms, small number of patients enrolled, short durations of follow-up, and ambiguous clinical and laboratory endpoints. Conclusions: Further investigations are necessary to accurately determine the efficacy, safety, standard dosage/procedure, and potential side effects of the various CAM methods currently in use.
Context
According to the World Health Organization (WHO) 2010 global report on non-communicable diseases, overweight/obesity is claiming 2.8 million lives annually (1) . The plague of obesity has reached epidemic proportions and is spreading at an unprecedented pace, particularly in urban areas of low and middle income countries (2, 3) . However, this global calamity is not only confined to the developing world (3, 4) , as about 60% of the adults in the United States are currently either obese or overweight (5) .
Obesity, defined by WHO as body mass index (BMI) equal to or greater than 30 kg/m 2 , has been linked to a wide array of illnesses and disabilities, including type 2 diabetes, cardiovascular diseases, chronic kidney disease, sleep apnea and its resultant chronic fatigue and poor attention, arthritis, lung disease, and several forms of cancer (e.g. breast and prostate) (6) (7) (8) (9) (10) . Obese individuals are also at an increased risk of premature death (9, 11) .
Overweight/obesity is assumed to be a product of imbalanced caloric intake and expenditure. Therefore, increased physical activity, coupled with a calorie-restricted diet, remains the mainstay of treatment in obese/ overweight individuals. Physical activity lowers the risk of diabetes, hypertension, stroke, ischemic heart disease and several types of cancers (12) (13) (14) . The prevalence of insufficient physical activity is rising globally. According to a WHO report, 48% of women and 41% of men have insufficient physical activity in high-income countries and almost 3.2 million deaths each year are attributed to physical inactivity (1) . Adherence to unhealthy diets, high in simple carbohydrates and saturated fatty acids, has also been rising, especially in low-and middle-income countries. Collectively, approximately 80% of coronary heart disease and cerebrovascular disease are attributable to behavioral risk factors, such as inadequate physical activity, and adherence to unhealthy dietary patterns (15) .
Busy schedules, sedentary lifestyle, increased automation of work, and decreased transport-related physical activity in modern societies, all contribute to the increasing physical inactivity trend. It is suggested that, as long as culture and environment support unhealthy life style patterns, especially through media, modifying lifestyle would be unattainable (16) . Consequently, alternative methods, with little or no scientific evidence supporting them, have attracted the interest of individuals at risk and have replaced the standard weight-lowering methods, with proven efficacy.
Complementary and alternative medicine (CAM) is defined by the National Center for Complementary and Alternative Medicine (NCCAM) as "a group of varied medical and healthcare systems, practices, and products that are not considered to be part of any current Western health care system" (17) .
Increased public awareness regarding obesity-related health problems, along with the social pressure concerning the body image and a desire to have a slim body, has enormously given way to CAM during the recent years. However, up to present, there are insufficient researches regarding the effectiveness of CAM therapies for weight loss and much of the existing literature have fundamental methodological problems (18) . The present review provides a summary of the more commonly used CAM methods for the treatment of overweight/obesity. In each section, after a brief introductory passage, the body of evidence endorsing or disapproving the method, as a weight-lowering strategy, is discussed.
Evidence Acquisition
We searched PubMed, Google scholar and the Cochrane review database for related publications written in English language (Abstract and/or full-text). Systematic reviews, review articles, meta-analyses and randomized clinical trials, conducted and published up to December 1st, 2013, were considered. Studies published from 2000 and afterwards were given a high priority. The combination of keywords used for our research was as follows: obesity treatment, weight loss, herbal supplements, chinese herbal medicine, Garcinia cambogia (G. cambogia), Camellia sinensis (C. sinensis), chromium picolinate, conjugated linoleic acid (CLA), Hoodia gordonii (H. gordonii), Cynanchum auriculatum (C. auriculatum), chitosan, acupuncture, non-invasive body contouring, including high intensity focused ultrasound (HIFU), laser therapy, cryolipolysis and radiofrequency (RF). A list of keywords was derived initially. Authors then performed independent literature reviews and the findings were shared in a designated article database. To increase the inclusiveness of our search strategy, authors also reviewed the texts to find other relevant manuscripts cited that were not retrieved in the initial search. Given the narrative nature of the review, no formal quality assessment was performed.
Results
Available evidence on the CAM methods used for the treatment of obesity are summarized in Table 1 . 
Herbal Supplements
Welcomed by the public at large, one of the fastest burgeoning methods for weight loss is the use of medicinal plant extracts. Despite the long history of their traditional use for purposes of chronic disease prevention and cure, the effectiveness of these products, which consist of dietary phytochemical constituents, remains to be ascertained (19) . The recent interest in how suitable these natural supplements are in treating obesity, on a long-term basis, has led to a raft of research. Nonetheless, there is a need for further investigation into their efficacy, long-term safety, optimum dosage, possible side-effects, and mechanisms of action. Two other aspects of these weight loss aids, which pose a significant problem to the dietary supplement industry, are their overhype, despite inadequate supporting proof and incompetent quality control, resulting, at times, in incorrect label information (20) . There is a flurry of herbal plants marketed over the counter, claiming anti-obesity effects. The most frequently mentioned ones are reviewed next.
Garcinia Cambogia
Extracted from the dehydrated fruit rind of G. cambogia, hydroxycitric acid is one such dietary supplement, which is a popular cooking ingredient in Southern India. Its mechanism of action consists of preventing the activity of the ATP-dependent citrate lyase enzyme, which stimulates the breakdown of citrate into oxaloacetate and acetyl-CoA, thus either inducing a sense of satiety or lessening the appetite (21, 22) . Consumed for centuries on a regular or supplemental basis, G. cambogia is claimed to be free of adverse or side effects (22) . Experiments on rats and humans indicate that administering hydroxycitric acid indeed contributes to a feeling of satiety and subsequent weight reduction (23) . Conversely, a number of human trials have produced unconvincing evidence, supporting that no significant difference was found between the effects of this supplement and those of the placebo (24) (25) (26) (27) . The results of a meta-analysis, which pooled the data from nine clinical trials, evaluating the effectiveness of hydroxycitric acid in weight reduction, indicated that hydroxycitric acid is relatively more effective than the placebo (mean difference: -0.88 kg; 95% confidence interval (CI): 0.00-1.75 kg). Collectively, research trials point to the fact that G. cambogia extracts can positively act as weight loss agents, on a short-term basis. Nonetheless, their effect is limited and their clinical relevance is yet to be determined (28) . In conclusion, given the fact that most human trials have been conducted on a short-term basis and on small patient samples, there is no proof supporting the effectiveness of G. cambogia for a length of time longer than 12 weeks of administration.
Camellia Sinensis
Used for a variety of reasons over centuries, the green tea produced from the leaves of C. sinensis is another popular remedy for obesity (19) . Commonly referred to as catechins, the most bioactive constituent of green tea are the polyphenols (29) . The mechanism of action of green tea can be outlined as influencing the sympathetic nervous system, thereby increasing energy consumption and triggering the oxidation of fat. Reduced nutrient absorption, appetite prevention, and up-regulation of enzymes responsible for hepatic fat oxidation may also be enumerated as alternative mechanisms (30) .
According to a recent review of three studies on weight maintenance and fifteen weight loss trials, which involved 1945 human subjects, consumption of green tea, over a minimum period of 12 weeks, was unlikely to be clinically effective (30) . A further conclusion was that the maintenance of weight loss is not considerably affected by green tea, either. No information concerning costs, patient satisfaction or illnesses, as a consequence of green tea preparation, was included in these studies (31) .
Several studies have attempted, although they ultimately failed, to validate the curative effect of C. sinensis on appetite reduction or energy consumption, as observed in and compared between the experimental and the placebo group (32) (33) (34) (35) . Overall, although there is scant proof, which can substantiate the role of C. sinensis, as an appetite inhibitor, most studies conclude that C. sinensis functions through mechanisms other than appetite suppression (e.g. increased energy expenditure), which may indeed help reduce body weight (32, 34, 36, 37) .
Chromium Picolinate
Sold as over-the-counter slimming aid throughout the USA and Europe, (11) chromium picolinate stimulates the neurotransmitters responsible for the regulation of food cravings, mood and eating behavior (38) . Chromium supplementation also boosts glucose metabolism, body composition, and insulin sensitivity, to a modest extent, in human trials (39) . A systematic review of nine trials accounting for 622 subjects (experimental group = 346; control group = 276) was conducted on the use of chromium picolinate for weight loss. The subjects in the experimental group, who were given four different doses of chromium picolinate (200 µg, 400 µg, 500 µg, 1,000 µg) were reported to have lost 1 kg more than those receiving placebo (Mean Difference: 1.1 kg, 95% CI: 0.4-1.7; P = 0.001). Furthermore, the safety and long-term effects of chromium picolinate could not be determined due to the relatively short length (maximum of 24 weeks) of the studies reviewed. This paucity of evidence, therefore, prevented the reviewers from reaching any conclusions regarding the effectiveness and safety of this dietary supplementation in overweight and obese adults (40).
Conjugated Linoleic Acid
Conjugated linoleic acid refers to a set of isomers in the cis-9, trans-11 form or the cis-12, trans-10 form (41). It is hypothesized that certain doses of CLA (1.7-6.8 g/day) can help increase the fat-free mass and reduce fat mass (42, 43) . Currently, a number of dietary supplements, with CLA content for the purposes of weight loss, are being advertised, even though not all studies have reported positive results (44, 45) .
According to a meta-analysis from 2012, four out of seven clinical trials were methodologically flawed (46) . Overall, the CLA was favored over the placebo due to a small difference in the amount of fat loss (mean kg: 1.33 kg; 95%CI: 0.86-1.79; I2 = 54%; the I2 statistics were used to evaluate statistical heterogeneity between studies, demonstrating low, medium, and high statistical heterogeneity, with values of 25, 50, and 75%, respectively). However, since the magnitude of the positive effects was small and no p values were documented, the evidence was concluded to be unconvincing and therefore, the long-term effects of the CLA on body composition cannot be decisively considered of clinical importance (46).
Hoodia Gordonii
Widely consumed for its alleged weight loss effect (47), H. gordonii, which is a member of the Asclepiadaceae (the milkweed family), has been traditionally used as an appetite (both food and water) suppressant during hunting expeditions by the Khoi-San tribe, in South America (48) . Although little is known about its mechanism of action, it seems that its bioactive element, steroidal glycosides P57, which is associated with appetite inhibition, alters the neuropeptide-mediated pathways of the central nervous system (47) . Based on animal studies, the injection of P57 into the central nervous system of mice leads to reduced food intake over the following 24 hours (49). Human trials have displayed positive results as well. According to a press release from Phytopharm (Huntingdon, UK), reporting a phase I/II randomized trial, after 15 days, a statistically significant reduction was documented in the average calorie consumption and body fat content of the group receiving P57, compared to the placebo group (P = 0.014 and P = 0.035, respectively).
According to a review of the commercial importance of H. gordonii, there are very few scientifically-based studies on chief features (bioactivity of its chemical ingredients, clinical relevance, in vivo biopharmaceutics, and safety) of this anti-obesity plant. Obviously, this has brought about considerable concern, as H. gordonii is among the most popular organic anti-obesity products (48).
Cynanchum Auriculatum
Native to China, C. auriculatum (Royle ex Wight) is a plant species of which the roots, according to Chinese traditional medicine, enhance immunity and espouse longevity (50) . Pregnane glycosides and baishouwubenzophenone have been found to exist in C. auriculatum (51) . The similarity in the structure of pregnane and that of P57 (found in H. gordonii) shows that C. auriculatum could be an alternative to H. gordonii in developing antiobesity dietary supplementation (51) . Wilfoside K1N is the most widely known pregnane glycoside, which bears great structural resemblance to P57 (51) . An animal trial, involving rats, has demonstrated that Wilfoside K1N can produce a considerable appetite-inhibiting effect (51) . The efficacy and safety of pregnane glycosides need to be further investigated, especially because, unlike H. gordonii, which may soon become an endangered species, C. auriculatum is an abundant plant source (50, 52).
Chitosan
Chitosan is a polysaccharide extractable through the partial deacetylation of chitin (53) . A non-toxic dietary supplement, Chitosan has been shown to bring about anti-obesity effects (54, 55) and is widely believed to be a safe compound (56) . Its anti-obesity effects have been generally attributed to its fat-binding quality, which restricts the absorption of nutritional fat from the gastrointestinal tract (57) . In vivo studies on mice indicate that the consumption of chitosan can lead to reduced food intake (58, 59) . The effect of chitosan on obesity was evaluated through a review of fifteen randomized trials, with a total of 1219 subjects. Although initial analyses ascribed a considerable weight loss to the use of chitosan preparations (mean loss: 1.7 kg; 95%CI: 1.3-2.1 kg, P < 0.00001), high quality trials, conducted later, revealed that the anti-obesity effect of chitosan was not nearly as large as the previous subliminal trials claimed. In fact, the anti-obesity effect of chitosan was deemed minimal at best and therefore clinically irrelevant (60).
Gambisan
Gambisan is a newly developed extract formula which was designated as HH911G at Kyung Hee University and Korean Medicine Hospital, Seoul, South Korea (60) . In spite of the fact that its mechanism of action is yet to be understood, Gambisan has been clinically used as a popular supplement, with over 2800000 prescribed doses from 2010 to 2013. Indeed, Gambisan may be able to offer an effective method of weight loss, though more in vivo investigations and clinical trials are required before any indisputable conclusions are to be drawn, concerning the safety, effectiveness, and the mechanisms of action of Gambisan (61) (62) (63) .
In conclusion, herbal supplements are widely marketed and commercialized, yet the evidence in support of their effectiveness is either non-existent or point to a negligible effect. This should be viewed in light of their possible side effects and lack of proof of their long-term safety.
Acupuncture
A longstanding oriental practice, acupuncture consists of the insertion of needles into certain points on the skin, called acupoints (64). Over the recent years, this technique has come to be increasingly regarded as an alternative treatment for obesity. Although there is evidence favoring electroacupuncture over its manual variations, in terms of effectiveness, there is less consensus over the optimal frequency for the procedure (65) .
Studies on animals and humans indicate a number of possible mechanisms, by which acupuncture contributes to weight reduction. First, it is suggested that acupuncture can regulate obesity-related neuropeptides in the central nervous system, as well as fat depot derived adipokines (66, 67) . Second, acupuncture may be involved in the regulation of hypothalamus-pituitary-adrenal cortex and sympathetic-adrenal cortex axis (68) . Third, a number of studies have observed a reduction in triglycerides (69, 70) , LDL (70, 71) , and total cholesterol (69, 70) with acupuncture and thereby might exert lipid lowering effects. Fourth, since high levels of bacteroides have been observed in obese patients (72) , one of the weight loss mechanisms of abdominal acupuncture may involve the reduction of bacteroides.
According to a systematic review and meta-analysis including 29 randomized controlled trials, acupuncture was illustrated to be more effective than conventional medication both in terms of body weight reduction (mean reduction = 1.90 kg; 95%CI:1.66-2.13 kg) and obesity treatment (relative risk = 1.13; 1.04-1.22) (73) . Despite these promising results, because of the poor methodological quality of the trials reviewed, the reviewers concluded that to determine the efficacy of acupuncture in treating obesity, it was urgent that more organized and long-term studies need to be conducted (73) .
Another systematic review of eight clinical trials, including 1017 participants, that evaluated the effectiveness of acupuncture, revealed that acupuncture was a safe complementary treatment for simple obesity, defined as an imbalance between caloric intake and energy expenditure. Yet, owing to the limited quantity of conducted randomized trials and their poor methodological quality, further investigations are necessary before acupuncture can be conclusively certified as an effective solution to obesity (74) .
In a more recent systematic review of Chinese medicine and acupuncture, a total of 44 randomized clinical trials were examined (11) . According to the pooled analysis, lifestyle modification and placebo were found to be less effective than acupuncture in terms of weight and BMI reduction (11) . Compared to anti-obesity drugs (Orlistat and Sibutramine), moreover, acupuncture displayed equally positive results, with a reduced number of side effects and relapses (11) . Nonetheless, the small size of the sample and substandard methodological rigor limits the validity of the conclusions (11) .
In summary, the shortcomings observed in the available literature on acupuncture are manifold. To begin, several studies draw their conclusions from uncontrolled trials. Additionally, studies with controlled trial designs are riddled with flaws, as they suffer from methodological weaknesses, such as limited durations of follow up, absence of placebo control groups, loosely observed protocols, and arbitrary selection of acupoints, in terms of the precise location, as well as the correct depth, angle and direction of insertion (11, 73, 74) . If a conclusive result is to be achieved, concerning the effectiveness of acupuncture, future studies need to map the acupuncture site on the body and determine factors, such as depth and angle, as well (75).
Non-invasive Body Contouring
Invasive body-contouring refers to the surgical removal of localized areas of adiposity from under the skin (76) .
Liposuction is the most common cosmetic plastic surgery procedure used around the world (77) . However, this popular method still raises serious concerns about the safety of its invasive nature. Possible complications, resulting from the invasive procedure, range in severity from prolonged swelling, bruising, and numbness, to thrombophlebitis and pulmonary embolism (78) . A pressing need for safer procedures, with faster recovery time, as well as smaller number of side effects, therefore, makes non-invasive body contouring techniques perhaps several of the most appealing and fastest growing extents of esthetic surgery today (77, 79) . Focused ultrasound, cryolipolysis and low level laser therapy are among these non-invasive methods, which have gained popularity over the last decade.
High Intensity Focused Ultrasound
High Intensity Focused Ultrasound is a non-invasive technique used for the ablation of subcutaneous fat tissue. Mechanisms by which HIFU affects the fat depot include (1) hyperthermia, whereby a coagulative necrosis of certain areas is brought about with no harm to adjacent areas (80, 81) , and cavitation formation (2), which exerts high degrees of heat and pressure in the microenvironment, therefore subjecting the adipose tissue to mechanical damage (82) . Available evidence suggests patients with a BMI lower than 30 kg/m 2 show the optimal results to HIFU (83) .
A 12-week study of 137 participants, analyzing the effects of focused ultrasound treatment, revealed positive results. Within 2 weeks of treatment, the mean reduction in the circumference of the treatment area and the skin fat thickness were reported to be approximately 2 cm and 2.9 mm, respectively (84).
Low Level Laser Therapy
Developed and popularized over the past decade, Low Level Laser Therapy (LLLT) is another non-invasive body contouring method, which has yielded successful results in fat reduction of localized areas, such as the hips, waist, thighs, and upper arms (85, 86) . The mechanism of action of LLLT is open to investigation. According to one narrative, by forming temporary pores in the adipocytes' membrane, LLLT triggers the release of intracellular lipid for additional metabolization (87) . In a double-blind study of 67 randomized subjects, aged 18-65 years old, with BMI 25-30 kg/m 2 , LLLT resulted in a reduction of total circumference of the waists, hips and bilateral thighs (88) . Despite these preliminary findings, suggestive of the efficacy of the method, further research into LLLT is required to fully appreciate its cellular and systemic effects, and to ascertain treatment protocols, which allow the highest degree of safety and effectiveness possible.
Cryolipolysis
Regarded as an efficacious method for subcutaneous fat reduction, cryolipolysis is an emergent technology which targets fat selectively through controlled cooling. A number of studies have assessed the safety and effectiveness of cryolipolysis. According to a retrospective study on 518 participants, the abdomen, back and flank areas were most effectively treated by means of cryolipolysis. Three months follow-up of the patients, moreover, displayed no significant adverse events or side effects (88) . Appraising the findings of preclinical and clinical studies on the use of cryolipolysis for animals and humans, a 2009 review of four clinical studies concluded that there was sufficient evidence to support the efficacy and safety of cryolipolysis, as a noninvasive fat reduction procedure, even though its mechanism of action is yet to be explained (89).
Radiofrequency
Radiofrequency is yet another non-invasive technique used for body contouring (90) . The mechanism of action of RF is based on thermal alteration of the dermal/ hypodermal layers. Increasing tissue temperature raises vascular perfusion, resulting in lipid turnover secondary to the increased oxygen content. Increased lipid turnover eventually leads to fat cell shrinkage, and circumferential reduction (79). Brightman and colleagues (91) evaluated nineteen participants who underwent five weekly treatments of the upper arms and 10 patients received four weekly treatments of abdomen and flank, with Vela Shape (Syneron Medical Ltd., Irvine, CA, USA) a RF energy device that has a FDA approval for both circuamference reduction and cellulitis. Reductions of both arm and abdomen circumference were statistically significant, with a mean loss off 0.597 cm and 1.82 cm, respectively at 3 months of follow up. At present, the non-invasive reduction of fat is the most common use of RF-based devices and there are many articles to support the clinical efficacy and safety of using RF (79, 91, 92) .
Non-invasive body contouring techniques are generally regarded as safe. By far, the most critical issue concerning these methods is patient dissatisfaction. Non-invasive body contouring only results in moderate reductions of 2 to 4 cm in limb or waist circumference. Therefore, their efficacy in morbidly obese patients is fairly limited (79) .
At present, there are no systematic evaluations of the non-invasive methods used in body contouring or subcutaneous fat reduction, in terms of efficacy, safety, and patient satisfaction. Carrying out more sophisticated outcome studies, in the form of systematic reviews and meta-analyses, is essential to offer proof of the value of non-invasive body contouring.
Conclusions
Complementary and alternative medicine is an umbrella term used to describe a wide array of treatment strategies that, by definition, do not conform to the principles and ideas of western medicine. This alleged marginaliza-tion, by no means has affected their popularity. Today, more than ever, patients are seeking alternative ways to lose weight and get lean and this vehemence has been welcomed by the industry, as well as media outlets, and a sizable proportion of healthcare practitioners. Despite their widespread commercialization and an ever increasing demand from the public, scientific evidence supporting their efficacy and safety is strikingly limited and in a sense, 'non-existent'.
Herbal supplements are widely marketed. However, at present, available data supporting their long-term usage and safety for obesity treatment is scarce and, at best, conflictual. Clinical studies have often reported negligible effects for herbal supplements barely exceeding that of the placebo. Studies investigating the putative role of acupuncture in weight loss and management have been positive, yet, given the low quality of the studies conducted and extreme diversity in site, depth, and angle of needle insertion, caution should be practiced in interpreting the findings. Preliminary studies, investigating treatment outcomes, with non-invasive body contouring methods, have been promising. However, since these techniques only cause a mild to moderate amount of weight loss in patients with a reasonable BMI range, their widespread application in other patient groups remains to be elucidated.
Although promising results have been obtained by bariatric surgery techniques, the procedure is invasive, costly, and is associated with long-term morbidity and complications and thus, is only reserved for a select population of obese patients, with very high BMI, who do not respond well to lifestyle interventions (93) .
To the present moment, pharmacotherapy for obesity has not yielded satisfactory results due to its numerous shortcomings. Most of anti-obesity drugs have been withdrawn from the market, as a result of their substantial side effects. Orlistat (Roche Holding AG, Basel, Switzerland), the FDA approved anti-obesity drug, cannot be well tolerated because of its gastrointestinal adverse effects (94) . The most lately approved anti-obesity drugs, including lorcaserin, and topiramate/phentermine are definitely requiring post approval clinical trials to carefully assess their long-term efficacy and safety (95) . Considerable adverse effects, limited efficacy and alarms over the safety of medications, along with utilizing anti-obesity drugs in combination with a low calorie diet in clinical trials (95) , remind the fact that the key to effective weight reduction is still a low-calorie diet, accompanied by physical exercise.
Putting together larger, more carefully designed clinical trials, with long duration of follow up and strict protocols, for registering side effects and adverse events, is mandatory to offer proof of the value of herbal supplements, acupuncture and non-invasive body contouring in overweight/obese individuals. Until concrete evidence, with regard to effectiveness and long-term safety of CAM weight loss techniques, is available, a combination of healthy nutrition and physical activity should be the treatment strategy offered to overweight and obese individuals.
